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BACKGROUND 


GEOS  has  developed  a set  of  Fault  Detection  and  Isolation  (FDI)  programs 
for  the  Mk  98  Mod  0 Fire  Control  System  (FCS) . The  FDI  software  has  been  de- 
signed to  detect  the  presence  of  hardware  faults  in  the  FCS  and  to  produce 
fault  signatures  which  can  be  used  with  appropriate  fault  dictionaries  and 
isolation  procedures  to  locate  the  fault.  The  FDI  software  was  scheduled  for 
formal  acceptance  by  the  Government  early  in  CY  1978  following  a formal 
Software  Quality  Assurance  Procedure  (SQAP)  (hereafter  called  the  GE-SQAP) 
conducted  at  GEOS/Pittsf ield,  Massachusetts.  The  GE-SQAP  (as  described  in 
NAVSEA  OD  50839)  was  designed  to  demonstrate  (1)  that  the  software  operates 
as  specified  in  the  design  documents,  and  (2)  that  the  software  will  inter- 
face appropriately  with  the  NSWC-generated  Monitor.  The  GE-SQAP  plan  called 
for  250  preselected  and  checked-out  hardware  faults  and  25  extemporaneously 
selected  hardware  faults  to  be  inserted  in  the  FCS  to  demonstrate  the  run- 
to-fail  operation  of  each  FDI  test.  The  GE-SQAP  was  not  designed  to  demon- 
strate isolation  of  faults  to  any  specified  number  of  hardware  modules,  nor 
was  it  designed  to  produce  a quantitative  estimate  of  the  effectiveness  of 
the  fault  detection  capabilities  of  the  FDI  software.  A separate  SQAP  was 
performed  at  Dahlgren  Laboratory  (hereafter  called  the  DL-SQAP)  to  estimate 
the  effectiveness  of  the  fault  detection  capabilities  of  the  FDI  software. 

The  DL-SQAP  was  conducted  at  NSWC/Dahlgren , Virginia,  concurrently  with  the 
GE-SQAP  at  Pittsfield,  Massachusetts.  This  document  delineates  the  goals, 
assumptions,  limitations,  methods,  procedures,  and  results  for  the  DL-SQAP 
of  the  Mk  98  Mod  0 FDI  software. 


ANALYSIS  OF  MK  98  MOD  0 FIRE  CONTROL  SYSTEM 
FAULT  INSERTION  RESULTS 


Four-hundred  and  forty-nine  randomly  selected  faults  were  inserted 
into  15  subsystems  of  the  Mk  98  Mod  0 Engineering  Tactical  System  (ETS) 

Fire  Control  System.  Using  the  procedures  specified  in  Appendix  A,  each 
fault  was  tested  with  the  test  associated  with  the  hardware  subsystem, 
and  the  results  recorded  as  either  a detected  fault  or  an  undetected  fault. 

Figure  1 summarizes  the  results. 

A 

The  estimate  (p)  shown  for  each  of  the  subsystems  tested  should  be 

A 

interpreted  as  follows:  p is  the  experimental  estimate  of  the  proportion 
of  faults  that  can  occur  in  the  subsystem  which  will  be  detected  by  the 
associated  subsystem  test.  The  90%  Lower  Confidence  Bound  (LCB)  is  the 

A 

lower  bound  on  p for  which  there  is  a 90%  probability  that  faults  will 
be  detected.  Referring  to  Figure  1,  it  can  be  stated  that  there  is  a 
90%  probability  that  78%  (or  more)  of  all  faults  will  be  detected  by  the 
subsystem  tests.  It  should  be  noted  that  some  subsystems  are  substantially 
lower  than  this  however.  For  example,  the  System  Mode  and  Configuration 
Logic  (SMCL)  subsystem  has  a p of  .433  and  a 90%  LCB  of  .308  which  appears 
to  be  unacceptable  unless  the  majority  of  faults  in  that  subsystem  will 
be  detected  by  tests  other  than  the  SMCL  subsystem  test  or  faults  in 
SMCL  are  detectable  by  the  operator  viewing  the  indications  on  the  Oper- 

i 

ator  Control  Panel  (OCP) . 

I 

I I 

Further  examination  of  the  undetected  faults  which  were  not  detected 
by  the  subsystem  tests  showed  that  the  subsystem  tests  were  not  designed 

I 4 

to  include  a number  of  those  faults.  This  analysis  was  performed  using 
information  contained  in  the  appropriate  design  disclosure  documentation 
and  an  analysis  of  the  subsystem  logic  diagrams.  Figure  2 summarizes  the 
data  with  respect  to  faults  tested  and  not  tested  by  the  subsystem  tests. 


; 


From  Figure  2,  it  can  be  noted  that  there  is  a 90%  probability  that 
as  many  as  17%  of  the  total  system  faults  may  not  be  tested  by  the  sub- 
system tests.  This  number  rises  to  63%  for  the  SMCL  and  50%  for  the 
System  Control  Logic  (SCL) . 

Figures  3 and  4 present  the  same  data  in  slightly  different  format. 

Figure  5 summarizes  the  results  after  the  untested  faults  have  been 
removed  from  the  data.  It  is  estimated  that  the  tests  will  detect  about 
95%  of  the  remaining  faults,  although  the  estimate  may  fall  as  low  as  93% 
at  the  90%  probability  level.  The  Computer  Maintenance  Subsystem  (CMSS) 
has  a p of  79%  and  a 90%  lower  confidence  bound  of  65%. 

Figures  6 and  7 show  the  same  data  from  the  point  of  view  of  unde- 
tected faults. 

Additional  analyses  showed  no  significant  differences  in  response 
among  the  four  categories  of  fault  types.  All  the  undetected  faults 
occurred  in  a group  of  11  module  key  codes  (BBB,  BDL,  GBB,  HVA,  KDN,  KDR, 
LDC,  LDN,  LDQ,  PDL,  and  BDC) ; however  no  specific  module  type  can  be 
identified  as  being  more  susceptible  to  undetected  faults  than  the  others. 


CONCLUSIONS 

The  following  conclusions  were  reached: 

1.  The  subsystem  tests,  by  themselves,  fail  to  test  about  17%  of 
the  possible  faults  which  can  occur.  (This  number  may  be  lowered 
if  there  are  overlaps  in  the  boundaries  of  the  hardware  and 
software.  For  example,  if  some  of  the  SCL  faults  are  picked 

up  by  the  Temperature  Monitor  Power  Supply  (TMPS)  tests,  or 
vice-versa,  then  the  numbers  and  conclusions  may  change) . The 
SMCL  and  SCL  tests  appear  to  have  particularly  high  "untested" 
proportions. 

2.  For  those  hardware  faults  that  are  included  in  the  "tested"  category, 
the  subsystem  tests  have  a detection  capability  of  93%  on  the  average 


RECOMMENDATIONS 


The  results  of  the  fault  insertion  study  suggest  the  need  for  several 
additional  investigations. 

1.  The  undetected  faults  should  be  analyzed  further  to  verify  that 
they  actually  produce  an  abnormal  condition  in  the  equipment  (if 
a "stuck-at-one"  is  a normal  condition  in  the  hardware,  then  a 
"stuck-at-one"  fault  will  not  produce  an  abnormal  condition  and 
should  not  be  classified  as  an  undetected  fault) . 

2.  The  amount  of  overlap  between  the  software  and  hardware  subsys- 
tems should  be  determined.  If,  due  to  software  partitioning,  a 
hardware  fault  is  tested  by  a software  test  which  has  a different 
name  than  the  hardware  subsystem,  then  it  should  be  confirmed 
that  the  fault  will  be  picked  up  by  the  other  test.  In  such 
cases  the  fault  would  be  classified  as  "detected." 

3.  The  undetected  faults  should  be  further  partitioned  into  cate- 
gories of  serious  faults  and  trivial  faults.  (For  this  investi- 
gation, a serious  fault  would  be  one  that  would  adversely  affect 
system  readiness  if  it  were  not  detected  prior  to  entering  the 
Tactical  mode) . Other  fault  classifications  may  be  useful  also. 

4.  The  FCS  maintenance  protocol  should  be  examined.  Since  there  is 
a substantial  proportion  of  possible  faults  that  will  not  be 
detected  by  the  subsystem  tests  themselves,  do  maintenance 
schedules  and  procedures  provide  adequate  assurance  the  FCS 

will  not  contain  undetected  faults  when  Tactical  mode  is  initiated? 
The  probability  of  a serious  fault  going  undetected  until  Tactical 
mode  should  be  quite  low  (say,  less  than  5%) . 
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DATA  SUMMARY  SHEET 


Figure  5.  Data  Summary  Sheet  (Untested  Faults  Removed  from  Data) 


gure  6.  Distribution  of  Undetected  "VALID"  Faults  (Note:  Unequal  Sample  Sizes) 
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TEST  PLAN  FOR  EVALUATION  OF  MK.  98  MOD  0 FIRE  CONTROL  SYSTEM 
FAULT  DETECTION  AND  ISOLATION  SOFTWARE 
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OBJECTIVE  OF  THE  DL-SQAP 

The  primary  objective  of  the  DL-SQAP  is  to  generate  data  with  which  to 
estimate  the  true  proportion,  and  compute  a lower  90%  confidence  bound,  of 
all  "legal"  hardware  faults  which  can  be  detected  by  the  FDI  software  for 
each  hardware  subsystem,  and  for  the  FCS  as  a whole. 

GENERAL  METHODOLOGY 

A statistical  sample  of  hardware  faults  will  be  inserted  into  the  FCS 
one  at  a time,  and  the  appropriate  FDI  test(s)  performed.  The  results  of 
the  FDI  test  will  be  recorded  as  a detection  or  a non-detection  of  the  fault 
(if  the  FDI  test  fails  to  detect  and  indicate  the  presence  of  the  hardware 
fault,  the  results  will  be  recorded  as  a non-detection).  The  population  of 
subsystem  faults  from  which  the  statistical  sample  is  drawn  will  consist  of 
all  "legal,"  non-duplicate  hardware  faults  which  can  occur  in  the  subsystem 
under  investigation. 

FAULT  SELECTION  CONSIDERATIONS 

FAULT-TYPES 

There  will  be  four  permissible  fault- types  used  in  the  DL-SQAP: 

1.  Output  stuck  at  (logic)  zero  (0/SA0) , 

2.  Output  stuck  at  (logic)  one  (0/SAl) , 

3.  Input  stuck  at  (logic)  one  (I/SAl),  and 

4.  Input  stuck  at  (logic)  zero  (I/SAO) . 

Fault- types  are  indicated  on  the  fault  lists. 

Intermittent  faults  and  faults  representing  (non-catastrophic)  degra- 
dation of  circuits  or  components  are  explicitly  excluded  trom  consideration 
in  the  DL-SQAP. 

A-l 


K' 


EXCLUSIONS 
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For  this  evaluation,  the  following  categories  are  excluded  from  the 
fault  population: 

1.  Faults  explicity  excluded  by  the  FDI  software  design  documents, 

2.  Analog  circuits  (faults  in  the  digital  portions  of  analog 
modules  are  legal), 


3.  Passive  component  modules  (pull-ups,  test  points,  etc.), 

4.  Power  supply  modules, 

5.  Cables, 


6.  Faults  in  Dahlgren-unique  circuits, 

7.  "Stuck-at"  conditions  which  are  normal  for  a particular  circuit, 

8.  Faults  in  redundant  logic, 

9.  Intermittent  faults, 

10.  Faults  representing  (non-catastrophic)  degradation  of  circuits 
or  components. 


11.  Simultaneous  multiple  faults,  and 

12.  Faults  which  have  been  selected  for  use  in  the  GE-SQAP. 


DUPLICATE  (OR  REDUNDANT)  FAULTS 


To  the  extent  practical,  duplicate  faults  will  be  excluded  from  the 
fault  population.  For  example,  although  there  are  seven  Digital  Read-in 
Subsystem  (DRISS)  units,  only  one  set  of  DRISS  components  will  be  included 
in  the  fault  list  since  it  is  assumed  that  the  FDI  software  will  be  able 
to  detect  a specific  fault  in  any  DRISS  unit.  The  list  of  sample  faults 
will  be  reviewed  to  ensure  that  duplicate  faults  are  not  included  inadvert- 
ently. Hardware  faults  used  for  the  GE-SQAP  will  not  be  duplicated  in  the 
DL-SQAP. 
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SAMPLE  SIZE 


Thirty  hardware  faults  shall  be  selected  for  each  group  of  equipment 
listed  in  Table  A-l.  Simple  random  sampling  shall  be  used  to  select  all 
faults . 

SAMPLE  SELECTION 

For  each  subsystem  except  the  Magnetic  Disk  File  Subsystem,  hardware 
faults  shall  be  selected  from  module  layouts  derived  from  the  Automatic 
Logic  Implementation/Machine  Aided  Drafting  System  (ALI/MADS) . 

Table  A-l.  FDI  Software  Tests 


Basic  Processor  Subsystem 
Magnetic  Disk  File  Subsystem 
Multiplexer  Controller 
Computer  Interface  Unit 
Keyboard  Subsystem 
Printer  Subsystem 
Magnetic  Tape  File  Subsystem 


Digital  Read- In  Subsystem 
Hardware  Alarm  Detection  Logic 
Time  of  Day  Subsystem 
Data  Converter  Subsystem 
System  Control  Logic 
System  Mode  Configuration  Logic 
Computer  Maintenance  Subsystem 


The  fault  selection  sequence  shall  be 


1.  Selection  of  a specific  hardware  module  (type  3) 


3.  Selection  of  a specific  module  pin 


Items  (1)  and  (2)  will  be  selected  randomly  from  a uniform  distribution 
of  fault-types;  item  (3)  will  be  selected  manually  from  appropriate  drawings 
and  the  Automatic  Fault  Insertion  (AFI)  listings  to  ensure  that  an  active 
circuit  is  used. 


For  the  Magnetic  Disk  File  Subsystem,  faults  will  be  randomly  selected 
from  the  comprehensive  fault  list  produced  by  the  NSWC  Logic  Simulation  Pro- 
gram. 

FAULT  INSERTION  CONSIDERATIONS 


PROCESS  SEQUENCE 

The  following  sequence  shall  be  followed  where  possible  for  the  fault 
insertion  process  of  the  DL-SQAP: 

1.  The  FDI  software  under  test  shall  be  run  with  an  unfaulted 
system  and  any  abnormal  conditon  shall  be  corrected.  This  process  shall 
be  repeated  until  a test-pass  result  is  obtained. 

2.  The  module  (type  3)  in  which  the  fault  is  to  be  inserted  will 
be  installed  along  with  the  appropriate  fault  insertion  media  and  the  FDI 
test  run  for  a test-pass  under  no- fault  conditions  (i.e.,  without  the  hard- 
ware fault) . 

3.  The  selected  hardware  fault  shall  be  inserted  and  the  FDI  test 
shall  be  rerun.  The  results  of  the  FDI  test  with  the  faulted  system  shall  be 
recorded  as  specified  in  Tables  A-2  through  A-18. 

4.  The  FCS  shall  be  restored  to  an  unfaulted  state,  the  next 
module  installed  along  with  its  fault  insertion  media,  and  the  same  FDI 
test  rerun.  If  an  a'liornal  condition  is  present,  it  shall  be  corrected 
and  procedures  (2)  and  (3)  shall  be  repeated.  (A  run-to-pass  condition 
will  be  obtained  both  before  the  fault  is  inserted  and  after  it  is  re- 
moved. ) 

UNDETECTED  FAULTS 

Faults  which  are  not  detected  by  the  FDI  test  will  be  reanalyzed  to 
verify  that  they  are  "legal"  faults.  If  an  undetected  fault  is  determined 
to  be  "illegal,"  it  will  not  be  included  in  the  DL-SQAP  primary  analysis. 


FAULT  INSERTION  MEDIA 


Normally,  special  extender  boards  and  jumper  wires  will  be  used  to 
insert  hardware  logic  faults  at  the  selected  module  and  pin  locations. 
However,  in  instances  where  the  use  of  extender  boards  or  jumper  wires 
is  not  appropriate,  other  fault  insertion  media  (such  as  specially  pre- 
faulted modules)  may  be  used.  In  those  cases,  some  details  of  the  fault 
insertion  sequence  may  be  modified;  the  requirement  for  a test-pass  con- 
dition both  before  and  after  fault  insertion  will  not  be  altered  how  ':r. 

TEST  ENVIRONMENT 

The  entire  DL-SQAP  shall  be  performed  on  the  NSWC/Dahlgren  Mk  98 
Mod  0 Engineering  Tactical  System  (ETS)  using  the  420  disk  pack  version 
that  was  prepared  for  the  GE-SQAP.  If  GEOS  modifies  any  of  the  FDI  soft- 
ware after  the  start  of  the  DL-SQAP,  a determination  shall  be  made  about 
what  portion(s),  if  any,  of  the  DL-SQAP  should  be  rerun.  It  should  be 
noted,  however,  that  the  entire  DL-SQAP  is  to  be  completed  first  with 
the  FDI  programs  as  they  exist  at  the  beginning  of  the  GE-SQAP;  any 
necessary  retesting  of  changed  portions  of  the  FDI  software  will  be  per- 
formed after  the  entire  DL-SQAP  sequence  has  been  completed. 

FAULT  LIST 


Tables  A-2  through  A-18  list  the  hardware  faults  that  were  used  for 
the  DL-SQAP. 


DATA  COLLECTION 


The  test  sequence  for  fault  insertion  will  be  performed  in  a system- 
atic manner.  A run-to-pass  will  be  conducted  for  any  given  subsystem  to 
be  faulted  prior  to  any  fault  insertion.  Test  sequence  procedures  to  be 
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followed  will  be  contained  in  NAVSEA  OD  50839,  Volume  2,  General  Electric 
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Ordnance  Systems  TRIDENT- I Fire  Control  System  Software  Quality  Assurance 
Plan  and  Procedures. 

Data  records  will  be  compiled  in  a SQAP  log  Book.  The  SQAP  Log  Book 
will  consist  of  the  following  log  sheets  and  figures: 

1.  Log  comment  sheets, 

2.  Magnetic  Tape  File  Subsystem  log  sheets, 

3.  Figure  A-l,  Time-of-Day  Panel  Display, 

4.  Figure  A-2,  Operator's  Control  Panel  Display, 

5.  Figure  A-3,  Integrated  Testing  Operator  Panel  Display, 

6.  Figure  A-4,  Computer  Maintenance  Display  (440A1)  and  Computer 
Maintenance  Control  Panel  Display  (440A2) , and 

7.  Figure  A-5,  Magnetic  Disk  File  2(1)  Maintenance  Panel,  Upper 
Section  Display  (446A2/447A2) . 

Also,  the  SQAP  Log  Book  will  contain  the  fault  lists  for  the  subsystems 
to  be  faulted.  An  entry  of  undetected  (U)  or  detected  (D)  will  be  added 
to  the  fault  lists  as  each  test  is  performed. 

The  log  comment  sheets  will  be  used  to  record  general  information 
such  as  date,  time,  system  configuration,  and  the  subsystem  which  is  to 
be  faulted.  The  log  comment  sheets  will  also  be  used  to  record  any  un- 
usual or  abnormal  conditions  and  items  of  special  interest  that  may  arise 
while  performing  fault  insertion  procedures.  The  Magnetic  Tape  File  log 
sheets  will  be  used  to  record  the  number  of  times  the  tape  file  attempts 
to  read  a tape  during  a maintenance  bootstrap  operation  if  the  test  data 
fails  to  be  read  from  the  magnetic  disk  file. 
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Figures  A-l  through  A-5  will  be  utilized  when  pertinent  information 
requires  their  use  by  marking  out  and  annotating  specific  light  indica- 
tions with  an  "x".  Several  or  none  of  the  pictorials  may  be  used  for  a 
specific  subsystem  test;  however,  the  subsystem  fault  list  will  be  com- 
pleted for  all  tests. 

For  every  givon  test  case  (fault  insertion) , all  related  printouts 
and  pictorials,  as  required,  will  be  grouped  together  as  one  entry  and 
maintained  in  the  SQAP  Log  Book. 


DATA  ANALYSES 


PRIMARY  DATA  ANALYSIS 

Estimate  of  FDI  Software  Fault  Detection  Capabilities  by  Subsystem 

The  data  associated  with  each  subsystem  will  be  used  to  estimate  the 
fault  detection  capability  of  the  FDI  software  for  that  subsystem.  The 
estimate  will  be  calculated  as: 


D 


where 

p is  the  estimate  of  the  subsystem  fault  detection  capability, 

D is  the  total  number  of  inserted  faults  which  were  detected  by 
the  FDI  software;  and 

T is  the  total  number  of  faults  inserted  into  the  subsystem. 

The  lower  90%  confidence  limit  for  the  true  proportion  of  detectable 
subsystem  faults  will  be  determined  from  standard  statistical  tables  of 
one-sided  confidence  limits  for  proportions. 

Assume,  for  example,  that  a total  of  30  faults  have  been  inserted  in  a 
subsystem  and  that  the  FDI  software  detected  29  of  them.  In  this  case, 


Group  of  Subsystems 


The  estimate  of  the  fault  detection  capability  of  the  FDI  software  for 
the  entire  group  of  subsystems  will  be  calculated  as  follows: 


where 

is  the  total  number  of  detected  faults  in  the  i^1  subsystem; 

T is  the  total  number  of  inserted  faults  in  the  itl‘  subsystem;  and 

n is  the  total  number  of  subsystems  tested. 


T = 30 
D = 29 

p = 29/30  = 0.9667 

The  lower  90%  confidence  bound  for  the  above  example  is  approximately 

0.  876. 

The  following  interpretation  is  to  be  given  to  the  above  figures: 

1.  The  sample  estimate  of  the  true  proportion  is  96.67%. 

2.  There  is  a 90%  probability  that  the  FDI  software  under 
investigation  will  detect  87.6%,  or  more,  of  the  faults  in  the  subsystem. 

Estimate  of  FDI  Software  Fault  Detection  Capabilities  for  the  Total 
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For  example,  assume  the  total  number  of  inserted  faults  is  540  and 
the  total  number  of  detected  faults  is  520  (i.e.,  20  of  the  inserted 
faults  were  not  detected  by  the  FDI) . Then  the  estimated  system  fault 
detection  proportion  is 


520/540  - 0.963 


and  the  lower  90%  confidence  bound  on  the  true  proportion  is  approximately 


A summary  sheet,  as  illustrated  in  Figure  A-6,  will  be  prepared  as 
one  means  of  summarizing  and  presenting  the  test  results. 


SECONDARY  ANALYSES 


Additional  analyses  will  be  performed  on  an  ad  hoc  basis  to  suggest 
likely  areas  for  further  investigation. 
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Figure  A-5.  Magnetic  Disk  File  2(1)  Maintenance  Panel, 

Upper  Section  Display  (Door  Location  446A2/447A2) 


Figure  A-6.  Sample  Data  Summary  Sheet 
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Table  A-5.  Fault  List  for  Computer  Interface  Unit 
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FAULT  MOOULE  KEY  PIN  FAULT  ALI/MAD  TEST  ATI  CROSS 

MO.  LOCATION CODE TYPE SHEET RESULTS REFERENCE 

1 440D15B096  CCD 1? O/SAO 13 0 INS 


2  4400150084  EQG 20 C/SAi 39 D B13240-1 

3  44QD15DOS7  EQG 20 0/SA1 20_ 0 INS 


4 440D150087  ECG 30 I/SA1 20 0 INS 


5 440015A066  KPN 15 0/SA1 50_ u B09039-1 


6  440P15CQ27  KPN 16  ’ I/SAl 4 3 INS 

7  440D150147  KDR 25  O/SAl 27_ U C126B-0 

8  440C15D147  KDR 22 I /SAP 27_ D INS 


9 44001 5C 126  LHH 27 I/SAO 27_ £ P14723-1 

IP 44  JD15C042  POL 19 O/SAl 6_ 0 INS 


11  440D15A132  RBF 19 O/SAO 29 D INS 

12  4400150111  W ZB I/SAO 35 0 811109-1 

13  440009A04S  AGO  24 I/SAl '_Z_ D INS 

14  440D09F1P8  AGO 39  I/SAl 58_ 0 INS 

12 440D090042  BBS  20 I/SAO 28 0 INS 

16 440D09A069  BOL  14  O/SAO 69 0 AO  3 908-0 

P 44Q009A087  BOL  21  O/SAl 73 0 *045  38-1 

18  440DC9A102  BOL 6 I/SAl 70 U INI 

19  440D09A126  BOL  IS  O/SAO 90_ 0 A06326-0 

20  44CD09B05 1 BOL  21  VSAO T2_ 0 A04S32-0 

21  440D09B087  BOL ? I/SAl 75_ 0 INS 

22  440P09B1JB  BPL  I/SAl « 3 INS 

23  4400090Q78  EQJ  34  I/SAO 47 0 IMS 

24  440009*048  FDA 3 O/SAl 94  -J INS 

J 440P09EU4  JOB  33  O/SAl 96 0 INS 

2$ 44C009C027  ICON 27 O/SAO 28. U INS 

27  4400  3 9E024  KPN 17 O/SAl 58 u INS 

28  440009E1S3  10Q  26  O/SAO 95 0 INS 

22 440009B039  POL 3 I/SAl 18. U A04206-1 

JO 4400C9Q1S9  RBf  37  O/SAO 35 0 C15330-0 


3 OWE  NTS 


(Failed  MPr  test) 


(Tape) 


(Tape  failed  HXC) 
(Tape) 
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Table  A-7.  Fault  List  for  Printer  Subsystem 


Table  A-8.  Fault  List  for  Magnetic  Tape  File  Subsystem 


Table  A- 11.  Fault  List  for  Hardware  Alarm  Detection  Logic 


4S1D14A126 

4SIC14A129 

4S1314A054 

4S1D14A054 

4SIDUA0S7 

4S1D14AQ66 


Table  A- 16 


Fault  List  for  Computer  Maintenance  Subsystem 


FAULT 

MO- 

MODULE 

LOCATION 

KIT 

CODE 

PIN 

NO. 

FAULT 

TYPE 

AL2.  NAD 
SHEET 

TEST 

RESULTS 

ATI  OACSS 
REFERENCE 

COMMENTS 

1 

440112A069 

3BB 

9/SAO 

LO 

« 

INS 

4401128063 

FDA 

40 

X/SA1 

'0 

0 

INS 

y 

44CS12AG66 

JIB 

7 

X/SAO 

1C 

0 

INS 

4 

4401 12 Alii 

KEA 

25 

O/SAO 

9 

INS 

5 

44CB12AG0 1 

LDC 

36 

O/SAO 

10 

D 

INS 

6 

44010SC024 

BBB 

37 

O/SAO 

43 

INS 

7 

440105C036 

BBB 

30 

O/SAO 

40 

U 

INS 

9 

44QB0SD0C9 

BDL 

21 

O/SAO 

75 

0 

C07205-1 

» 

440B05E08'’ 

2BB 

3 

I/SA1 

69 

u 

INS 

w 

440B05>«Q63 

3BB 

29 

O/SAl 

70 

D 

013230-0 

il 

440BC5F0 57 

KDQ 

15 

I/SA1 

67 

D 

INS 

44CB05F072 

-<DQ 

13 

C/SAO 

93 

D 

INS 

44CB0SA093 

KDA 

31 

I/SA1 

42 

0 

INS 

14 

440B05B094 

XX>* 

24 

I/SA1 

33 

D 

INS 

IS 

440B0SB126 

LDC 

9 

r/SAi 

76 

Q 

D12937-0 

16 

440B05C144 

LDC 

20 

I/SAO 

52 

D 

815933-1 

17 

440B0S013B 

LDC 

mu 

53 

U 

C13S27-1 

18 

440B0SD1S6 

LDC 

8 

O/SAl _ 

54 

'J 

B147JS-0 

19 

4408030078 

LDC 

v 

X/SAO 

31 

D 

15-0 

20 

440B050144 

LON 

21 

O/SAl 

5 

D 

INS 

21 

440B0SA144 

:oq 

IS 

v«*i 

53 

u 

INS 

440B05B051 

LOQ 

29 

0/Ml 

73 

. o 

INS 

440BCSB096 

LOO 

23 

I,S»l 

73 

0 

INS 

24 

44CB05B096 

tCQ 

29 

O/SAl 

7 3 

y 

E06905-0 

» 

440B05D021 

LOO 

22 

I/SAO 

66 

u 

FQ21A-0 

26 

44  >8050021 

LOQ  _ 

28 

O/SAO 

66 

D 

EO54O0-1 

V 

440BCSC0S7 

'WL 

14 

I/SAO 

62 

D 

INS 

2f 

440B0S00S4 

FPL 

27 

I/SAO 

62 

u 

E030B-0 

29 

440B05E138 

POL 

» 

I/SAO 

» 

0 

INS 

30 

440105F078 

POL 

25 

O/SAl 

17 

D 

, Eom-i 

A- 30 


13 

405-8-1-3CI20 

EBH 

39 

O/SAl 

42 

- 

- 

<jraan  msl  ISO  aal  *24 

14 

4O5-0-1-3C126 

EBH 

12 

I/SA1 

26 

. 

_ 

GAS-constart  STA  ll/AWAY/HOLD 
eolvnan  - multidiapla}-  mal  all 

I 

IS 

405-8-1-3CI26 

EBH 

37 

O/SAO 

26 

. 

AWAY  HOLT  column  - no  THPS 
yallov  awl  #11 

16 

405-8- 1-3C129 

EBH 

32 

I/SAl 

24 

. 

_ 

AWAY/WCLD  COluavt  - no  HOLD 
indication  ul  «9 

405-8-1-30063 

EBH 

29 

O/SAl 

29 

STATUS  I HIT  coluan  - constant 
rad  WAV  HOT  WADY  aal  «14 

18 

405-8-1-3D108 

EBH 

30 

O/SAO 

26 

. 

. 

STATUS  I HIT  col  wan  - no  rad'  LCKA 
_ HOT  ISO  awl  *11 

STATUS  IN2T  coluan  - awlia-ind. 

1 4 

19 
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